The parametric methods of statistical and econometric analysis are not always useful in examination of labour productivity of economic entities. In previous works the Authors found that the labour productivity is characterized by the lack of stable regularities in the range of structure and interdependency. In that case it is possible to apply non-parametric methods. In the paper the Authors tried to model the distributions of the labour productivity in time by means of kernel estimation using classical approaches (Epanechnikov, Rosenblatt) and the new proposition called kernel B. It seems that proposed approach is a useful merger of the statistical modeling theory and economic practice which allows to analyze the changes in the labour productivity -the essential factor for long-term economic growth and the welfare of society. The empirical results show that the labour productivity in the largest Polish companies had increased in 2004-2008 but the growths had not the same dynamics in different economic sectors.
Introduction
As the theory of economics and the results of numerous empirical research show 1 labour productivity plays a significant role in the process of generating gross domestic product. Furthermore, the level of labour productivity is a factor which determines the differences in the growth of individual countries (regions) 2 . Many authors claim that the average labour productivity level in a given economy largely depends on its changes in sectors 3 and it is the largest companies that play the crucial role. Although they are not numerous, which is in accord with theoretical and practical principles of economy 4 , their revenue and the number of employees are of great importance in the economy of every country. In order to identify the regularities of the above mentioned phenomenon the study was carried out of labour productivity in the largest Polish companies from the 'List 2000' that has been published annually by the Rzeczpospolita daily for the last few years. It contains 2000 Polish companies who reached the highest sales revenue over a given year. In this case the labour productivity is defined as the ratio of sales revenue and employment.
In the theory of economics we use various methods of labour productivity analysis. It often happens that different methods lead to similar results. Such conclusion was drawn by J. Van Biesebroeck who analysed data characterising a panel of manufacturing plants in Columbia. All the five of methods he had applied (labour productivity indices, data envelopment analysis, instrumental variables, stochastic frontiers, semiparametric estimation) generated results that were practically identical, which confirms the fact that first of all labour productivity is strongly correlated with export status and investment outlays 5 .
The analysis of labour productivity in the largest Polish companies was carried out with the use of distribution models estimated by means of kernel estimation. This particular method helps to identify the distribution shape of an examined variable without assuming its type a priori, while kernel estimation applied in consequent periods allows to observe the changes undergoing in a given process. It should also be noted that beside the mainstream of studies on labour productivity in regions and sectors the kernel estimation method can be used in the individual labour productivity analysis 8 .
The principal aim of this study is to estimate the distribution of labour productivity in the largest Polish companies by means of the kernel estimation. Obtained results allow the authors to find out whether the distributions of this variable feature right-sided asymmetry and whether the shapes of these distributions change in time. Basing on the identification of sector membership of individual companies the types of economic activity prevailing in both the lowest and the highest values of labour productivity were determined. In the kernel estimation procedure the authors used two kernels best known in literature as Epanechnikov and Rosenblatt ones and a relatively new kernel B 9 .
Analysis methods and data characteristics
When we examine economic variables, their distributions are not usually known. In a classical approach we assume that the distribution of a given variable belongs to a certain class of theoretical distributions. In this case parameters of the location and scale of a given distribution type are estimated. Alternative to such approach is a non-parametric procedure (e.g. kernel estimation) that allows to construct a smooth histogram whose shape does not depend on the adopted bandwidth. When estimating the value of a density function for a given point in this procedure we attribute more weight to observations that are closer to this point 10 .
There are also other solutions that can be used in the distribution analysis, such as D. Quah's stochastic kernel estimation 11 . Kernel density estimator is defined as:
where:
h > 0 -smoothing parameter called a bandwidth,
The key issue in kernel estimation is to determine the smoothing parameter h and the kernel function form. The value of constant h can be determined automatically or by means of the 2nd generation estimators 12 . But the most frequently used kernel functions are the Gaussian, Epanechnikov's and Rosenblatt's. In this study the two latter ones were accompanied by the kernel function B suggested by M. Mojsiewicz
Graphic presentation of kernel B for parameters a = 0.2 and b = 0.95 is presented in Figure 1 . Additionally, the values of sales revenues were corrected with the price fluctuation indices that varied depending on the type of business activity of a given firm.
For the sake of sector analyses the selected companies were divided into four economic sectors according to NACE classification (Rev. 2):
1. Manufacturing (C+D+E).
Construction (F).
3. Non-financial Market Services (G+H+I).
Financial Market Services (J+K) and other services (L+M+N+O+P+Q).
The number of companies in individual sectors is presented in Table 1 . The analysed sectors differed greatly as far as their size is concerned. The largest were: sector 1 (Manufacturing) and sector 3 (Non-financial Market Services).
Empirical results
At the first stage of the analyses the authors identified the basic descriptive parameters characterising labour productivity distributions (see Table 2 ). When calculating labour productivity they used mean employment in a given year. Observation of both the mean value and the median leads to the conclusion that the mean labour productivity level in the largest Polish companies has been growing. However, On the basis of the calculated median values in individual sectors we can see that in companies of the sector 1 (Manufacturing) and sector 2 (Construction) the mean employment was twice as high as in other sectors (see Table 3 ). 
Figures 2-4 present distributions for the three types of kernels over all the analysed years. To make the diagrams more legible the upper limits of changeability intervals of the labour productivity distributions were set at PLN 6,000 thousand. It turned out that in all the years and kernel types the distributions demonstrated strong right-sided asymmetry 15 and were characterised by a global maximum 16 . Another regularity was observed as well -the maximum was moving towards higher values of labour productivity and it was getting more and more flat in the subsequent years. In case of kernel B estimation of distributions a clear minimum appeared of the low values of the analysed trait, which had been absent in case of the remaining two other kernels, the Epanechnikov and the Rosenblatt ones (see Figure 4) . It can be seen that in the group of companies with labour productivity over PLN 1, 500 thousand the majority of firms dealt with non-financial market services (sector 3).
The next stage of the study was the analysis of regularities in the right and left tails of distributions in the companies with the highest and the lowest levels of labour productivity.
The criterion of selecting the range of the right tail was the phenomenon of flattening vibrations on the density function graph, which allowed setting the left limit of the right tail at PLN 10,000 thousand. The right limit of the left tail was set at the minimum value of the density function obtained in the course of estimating the distribution by means of the kernel B. The group of companies of the highest productivity included only the ones dealing with manufacturing (sector 1) and the non-financial market services (sector 3), the latter ones being the majority (see Table 4 ). It should be noted, however, that mean employment in the service sector firms with the highest labour productivity was significantly lower than mean employment calculated for all the companies in the sector of non-financial services. The employment median in the former case was placed in the interval between 43-67 people, while in the whole sector it reached a much higher level (see Table 5 ). Table 5 shows the sector structure of companies that found themselves in left distribution tails in subsequent years. Although in view of the number of companies it is the manufacturing sector that predominates, when we take into account the relative share of representatives of individual sectors, we can see that over half of all the construction industry firms belong to the interval of the lowest labour productivity. Contrary to the right-tail companies the left tail ones demonstrated higher level of mean labour productivity in comparison to all the companies in a given sector (see Table 6 ). This regularity was particularly visible in case of service companies of both sectors 3 and 4.
Conclusions
In all the examined years the estimated distributions of labour productivity were characterised by very strong right-sided symmetry regardless of the type of kernel used for their estimation. The obtained results indicate the stable growth of labour productivity in the largest Polish companies. It should be noted, however, that sectors are strongly differentiated in relation to the examined variable. Among the four analysed economic sectors the best labour productivity was observed in the companies dealing with non-financial market services. They constituted a significant part of right distribution tails in all the studied years.
As far as the applied methodology is concerned, it is important to see the difference in character of distributions estimated by means of the kernel B in comparison to the two classical Epanechnikov and Rosenblatt kernels. The distributions obtained by means of the kernel B demonstrated local minimum of the density function for low values of labour productivity, which could not be seen in case of the other two kernels.
It seems that the choice of the research sample which consists of a set of companies identical in subsequent years and is corrected by eliminating the impact of goods and services price fluctuations has enabled the authors to draw reliable and valuable conclusions.
In further research the labour productivity analysis should cover a larger group of sectors, which would make it possible to study their nature more thoroughly. Also, it seems worthwhile to conduct a similar study on the international basis in order to identify possible differences and similarities concerning labour productivity in leading companies.
Finally, the issues presented in this study can be supplemented with research aiming at finding factors responsible for the regularities mentioned above.
Notes

